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ABSTRACT: Aiming at obtaining high productivity and reduction of production costs, new techniques have been studied in 
rice crops, such as the use of plant growth promoting rhizobacteria (PGPR). The objective of this study was to evaluate the 
efficiency of inoculation and co-inoculation of rhizobia and Azospirillum brasilense in promoting the growth of irrigated rice plants 
cultivated in the field. Two experiments were conducted in the field, in the 2014/15 and 2015/16 crops, at the Rio Grande do Sul 
Rice Experiment Station. The experiment was composed of seven treatments, with two control treatments, without inoculation 
(81 kg ha-1 N and 135 kg ha-1 N, equivalent to 60% and 100%, respectively, of the recommended nitrogen dose). The other five 
treatments received only 60% of the N dose and were inoculated with the UFRGS Vp16 (Burkholderia sp.) and UFRGS Lc348 
(Mesorhizobium sp.) Rhizobia, and with the commercial product containing the A. brasilense AbV5 and AbV6 strains. Inoculation 
and co-inoculation with PGPR may represent a viable alternative to reduce the amount of nitrogen fertilizers in rice crops.
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Inoculação e coinoculação de rizobactérias promotoras de crescimento
em plantas de arroz irrigado
RESUMO: Visando a obtenção de altas produtividades e redução dos custos de produção, novas técnicas vêm sendo estudadas 
nas lavouras de arroz, como a utilização de rizobactérias promotoras de crescimento de plantas (RPCPs). O objetivo do trabalho 
foi avaliar a eficiência da inoculação e coinoculação de rizóbios e Azospirillum brasilense na promoção de crescimento de plantas 
de arroz irrigado cultivadas a campo. Foram conduzidos dois experimentos a campo, nas safras 2014/15 e 2015/16, na Estação 
Experimental do Instituto Rio Grandense do Arroz. O experimento foi composto por sete tratamentos, sendo dois tratamentos 
controle, sem inoculação (81 kg ha-1 de N e 135 kg ha-1 N, equivalente a 60% e 100%, respectivamente, da dose de nitrogênio 
recomendada). Os outros cinco tratamentos receberam apenas 60% da dose de N e foram inoculados com os rizóbios UFRGS 
Vp16 (Burkholderia sp.) e UFRGS Lc348 (Mesorhizobium sp.), e com o produto comercial contendo as estirpes de A. brasilense 
AbV5 e AbV6. A inoculação e coinoculação com RPCPs podem representar uma alternativa viável para reduzir a quantidade de 
adubos nitrogenados nas lavouras de arroz. 
Palavras-chave: Azospirillum sp.; Oryza sativa; rizóbio; produtividade
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Introduction
Brazil excels as one of the most important countries in 
terms of rice production and consumption in the world, 
producing over 10 million tons in the 2018/19 crop, and the 
state of Rio Grande do Sul is the largest national producer with 
almost 70% of production (Conab, 2019).
Although rice agribusiness enjoys favorable conditions 
for its development, there are production factors that may 
restrict this expansion, including the availability of nitrogen. 
In order to obtain high grain yields, a common practice of the 
producing countries is to use high doses of nitrogen fertilizers 
in rice farms, usually exceeding the recommended dosage of 
150 kg N/ha (Sosbai, 2018). Nitrogen is a high cost fertilizer 
and its excessive use can cause damage to the environment 
(Pinto et al., 2017).
A promising alternative for reducing fertilizer use and 
increasing rice crop productivity is the use of beneficial 
plant-associated microorganisms, plant growth promoting 
rhizobacteria (PGPR). PGPRs are bacteria that live in the 
rhizosphere and directly or indirectly promote plant growth 
(Sarkar & Reinhold-Hurek, 2014), either by their ability to 
produce plant hormones (auxins, gibberellins and cytokines), 
solubilize nutrients (Kavamura et al., 2012), or reduce the 
damage caused by phytopathogens (Ferraz et al., 2010).
Several studies have been conducted demonstrating the 
colonization of PGPRs in rice plant roots and their effect on 
promoting the growth of this said poaceae (Chaves et al., 
2016; Garcia et al., 2016; Osorio Filho et al., 2016). However, 
responses of cultivars are different to the inoculation, 
demonstrating that the ability in promoting growth from the 
PGPRs can be specific for each cultivar, i.e., the technique 
success is directly related to the interaction between plant 
genotype and bacterial strains, as well as the factors related 
to the environment (type of soil and climate).
Although the results of employing PGPRs are promising, 
there is still a lack of studies showing the interaction of 
rhizobia, symbionts in vegetables, with different rice genotypes 
used in the state of Rio Grande do Sul. Thus, the objective 
of this study was to evaluate the efficiency of rhizobia and 
Azospirillum brasilense inoculation and co-inoculation in the 
growth promotion of irrigated rice plants cultivated in field. 
Materials and Methods
The experiments were performed in the field at the 
Experimental Station of the Rio Grandense do Arroz Institute 
(IRGA), in the Cachoeirinha municipality, part of the rice 
region of the Central Depression from Rio Grande do Sul State, 
in a typical dystrophic Haplic Gleysol of loamy texture, in the 
2014/15 and 2015/16 crops. Prior to the installation of the 
experiment (2014/15 crops), the area was in fallow state for 
two years.
The experiment consisted of seven treatments (Table 
1), with two control treatments without inoculation: one 
that received 81 kg ha-1 N and another with 135 kg ha-1 N, 
equivalent to 60% and 100%, respectively, same nitrogen 
dosage recommended and described by CQFS RS/SC (2004). 
The other five treatments received only 60% of the N dose 
(81 kg ha-1) and were inoculated with the rhizobia UFRGS 
Vp16 (Burkholderia sp.), isolated from white clover (Trifolium 
repens) by Alves (2005), and UFRGS Lc348 (Mesorhizobium 
sp.), isolated from birdsfoot trefoil (Lotus corniculatus) by 
Frizzo (2007), and with the commercial product containing 
Azospirillum brasilense strains AbV5 and AbV6. Inoculation 
was both isolated and combined (co-inoculation). The 
experimental design was the randomized blocks, with three 
replicates.
IRGA 424 was the cultivar used, which has high yield 
potential and good response to fertilization. In both crops, 
the used sowing density was 120 kg ha-1, with row spacing 
of 0.17m. Seeds were treated with fungicide and insecticide, 
and fertilization at planting was of 400 kg ha-1 NPK in the 04-
17-27 formula, for expectation of “Very High” response to 
fertilization (Sosbai, 2014).
Topdressing nitrogen fertilization with urea (46% N) was 
performed by applying 2/3 of the dosage at the V3-V4 stage 
and the remainder between V7 and V8 stages, before panicle 
differentiation. Irrigation started between V3 and V4 stages, 
by keeping a water depth of about 7.5 cm throughout the 
whole crop cycle. Between the R7/R8  stages, when most 
grains were in the pasty to farinaceous state, the irrigation 
was suppressed. Control of diseases, pests and weeds was 
carried out according to the technical recommendations for 
irrigated rice in southern Brazil (Sosbai, 2014).
For producing the bacterial inoculum, each rhizobium was 
inoculated in a pH 6.8 Yeast Mannitol (YM) culture medium 
in a 1000 ml capacity erlenmeyer flask kept in an incubator 
with 120 rpm orbital shaking for six days at 28 °C. Bacterial 
inoculation in the plants of the inoculated treatments was 
performed by sprinkling when the plants were in the V3-V4 
stages, before the irrigation start. The 200 ml ha-1 dose of 
bacterial inoculum from each rhizobium (containing about 
108 CFU ml-1) and 100 ml ha-1 of the commercial product (at 
the 2.0 x 108 concentration guaranteed by the manufacturer, 
containing the A. brasilense AbV5 and Abv6 strains), diluted in 
water for spraying on plants.
The analyzed variables were grain yield and yield 
components (number of panicles per square meter, number 
of grains per panicle and grain weight). Results of yield 
components, when necessary, were transformed using 
the function √(x+1). After this procedure, the results were 
Table 1. Identification and description of the treatments.
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subjected to the analysis of variance by the Scott-Knott test 
(p. 0.10), using the statistical program SISVAR (Ferreira, 2000). 
Results and Discussion 
Results of yield components (panicle number/m2, grain 
number/panicle number and 1000 grains weight) are 
displayed in Table 2. Inoculation and co-inoculation of growth 
promoting bacteria in rice plants promoted significant increase 
only in the number of panicles per square meter variable, at 
the 2014/2015 crop.
In the first evaluated crop (2014/2015), plants inoculated 
alone with A. brasilense and co-inoculated with UFRGS Lc348 
and A. brasilense presented higher number of panicles/m2 
than the other treatments, with an increase of up to 12.2% 
when compared to the control treatment that had the 100% 
nitrogen dose. 
The number of panicles per unit area is defined in the plant 
vegetative phase, thus, it can be stated that inoculation or co-
inoculation with UFRGS Lc348 and A. brasilense favored the crop 
vegetative phase, increasing the number of panicles with only 
60% of the recommended nitrogen dose (Table 2), confirming the 
hypothesis that inoculation of PGPRs stimulate the development 
of rice plants throughout the crop cycle, directly interfering with 
yield components (Osorio Filho et al., 2016).
Absence of significant results for the other yield 
components is understandable, as the literature indicates 
that the PGPRs action on rice plants is variable (Buzo et al., 
2019), since several factors may contribute to different rice 
responses to the PGPRs inoculation, being among them the 
used bacterial strain, edaphoclimatic conditions and the 
specificity with the plant genotype (Hungria, 2011). This very 
inconsistency of research results is one of the main obstacles 
to the PGPRs use in crops.
However, this study results reinforce the existence of 
beneficial interactions from PGPRs with rice plants, probably 
due to the increased levels of phytohormones in the tissues, 
especially the indole-3-acetic acid (IAA) (Osorio Filho et al., 
2016). Phytohormones produced by PGPRs act at all plant 
development stages, and each bacterial isolate can differently 
stimulate production levels of specific plant hormones, which 
are significantly reflected in the rice plants growth physiology 
(Chi et al., 2005).
Regarding grain yield, the analysis of variance results 
showed that inoculation and co-inoculation with PGPRs 
associated with 60% of the recommended nitrogen dose (81 kg 
ha-1 N) provides the same rice grain yield as the recommended 
crop dose (135 kg ha-1 N). The inoculations with UFRGS Lc348 
in the 2014/2015 crop, and inoculation and co-inoculation of 
UFRGS Vp16, UFRGS Lc348 and A. brasilense in the 2015/2016 
crop all evidenced this (Figure 1).
In the 2014/2015 crop, the co-inoculation of the rhizobium 
UFRGS Lc348 plus A. brasilense produced 10,206.86 kg of rice 
per hectare, similar to the control treatment production with 
100% of the recommended N dose (10,083.85 kg ha-1). Co-
inoculation of rhizobia UFRGS Lc348 and A. brasilense showed 
better results than when PGPRs were inoculated singly in 
plants, proving the synergistic effect of the technique. In 
other words, the result of the bacterial combination was more 
effective in increasing grain yield than a single inoculation.
Inoculation and co-inoculation also favored the grain 
production of the 2015/16 crop. All inoculated or co-
inoculated treatments produced grains equivalent to the 
control treatment with the 100% nitrogen dose (Figure 1). 
The good performance of PGPRs on rice grain yield shows 
that standard inoculation or co-inoculation is an alternative 
to reduce up to 40% the amount of nitrogen fertilizer in rice 
production.
Means followed by the same letter does not differentiate from each other (p ≥ 0.10, Scott-Knott). 
Table 2. Yield components (number of panicles/m2, number of grains/panicle and 1000 grains weight) of irrigated rice plants 
inoculated and co-inoculated with plant growth promoting rhizobacteria, 2014/15 and 2015/16 crops.
Figure 1. Grain yield of rice plants inoculated and co-inoculated 
with plant growth promoting rhizobacteria, 2014/15 and 
2015/16 crops. Means followed by the same letter do not 
differ from each other (p ≥ 0.10, Scott-Knott). Capital letters 
for 2014/15 crop, lowercase letters for 2015/16 crop.
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The 2015/2016 crop in the state of Rio Grande do Sul, the 
largest national producer, had a 14.7% drop in average yield, 
due to the unfavorable climate during the harvest period 
(Conab, 2017). However, even under unfavorable conditions 
for cultivation in the state, plants inoculated with PGPRs 
increased grain yield with only 60% of the recommended 
nitrogen dose. Similar results were found by Ferreira et al. 
(2010), who observed that the inoculated treatments were 
able to supply a dosage equivalent to 20 kg of N ha-1, and 
Baldani & Baldani (2005) reported a reduction up to 30% of 
the expenses with nitrogen fertilizers applied to irrigated rice.
Considering the average yield of the state of Rio Grande 
do Sul, 7,914 kg ha-1 (Irga, 2016), the results displayed in this 
study represent a grain yield increase of 22.5% and 18% in 
the 2014/15 and 2015/16 crops, respectively. Benefits of 
inoculation on grain yield of rice cultivars have also been 
observed by several authors (Chaves et al., 2016; Nascente et 
al., 2016; Rais et al., 2016).
This study shows that the PGPRs use in rice fields will be 
an economically viable alternative for rice farmers due to the 
high price of nitrogen fertilizers, thus, saving 54 kg ha-1 with 
these inputs would mean a lower production cost, increased 
agricultural yield income and lower environmental impact 
potential. Therefore, a better understanding of the interactions 
between rice cultivars and PGPRs is of fundamental 
importance so that, in the future, the inoculation and co-
inoculation techniques can be used in the crops, striving for 
the production system sustainability.
Conclusions
Inoculation and co-inoculation of rhizobia UFRGS-VP16 
and UFRGS Lc348, and of Azospirillum brasilense increase 
the number of panicles per square meter compared to the 
treatment without inoculation and with 60% of the nitrogen 
dose.
Co-inoculation of the rhizobium UFRGS Lc348+Azospirillum, 
associated with 60% of the nitrogen dose, maintains the grain 
yield of the IRGA 424 rice cultivar when compared to the 
recommended 100% nitrogen dose.
In a previously inoculated area (2015/2016 crop), 
inoculation with PGPRs had positive effect on grain yield in 
rice plants with 60% of the recommended nitrogen dose.
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